B R I D G E S T O E X C E L L E N C E
1,2 Each year, diabetes is responsible for ~ 5% of all deaths globally (10 -15% in the United States), and its prevalence is steadily increasing.
1,2 According to the International Diabetes Federation, the number of people living with diabetes is projected to reach 380 million by 2025.
3
Because of its widespread prevalence and potentially debilitating impact, diabetes has become an international and national priority area of health concern.
2,4 Although the importance of addressing diabetes is well recognized, translating clinical, evidence-based management interventions for practical implementation has proven difficult, particularly for rural communities.
5,6
Individuals living in rural communities often encounter difficulties obtaining appropriate health care because of distance from health clinics, financial limitations, cultural barriers, mistrust, communication issues, and high rates of health illiteracy.
In this overview, we will discuss the prevalence and severity of diabetes in rural areas, as well as some of the barriers to health access and disease management that have led to observed disparities between rural and urban areas. We will then describe strategies currently being implemented to improve diabetes care in rural areas, including some of our own experiences and efforts in rural Alabama.
Diabetes in Rural Areas
Although a number of health disparities exist between rural and urban areas, including injury-related deaths, heart disease rates, and cancer rates, diabetes ranks as one of the most significant health concerns.
4 Compared to urban areas, rural areas experience an ~ 17% higher diabetes prevalence rate. 7 In fact, the impact of diabetes in rural communities has earned it prominence as a top-three priority area in Rural Healthy People 2010.
8
Despite the high prevalence of diabetes in rural communities, there are surprisingly few data comparing the quality of diabetes care in rural versus nonrural communities. Significant challenges such as small sample size, technology and staffing limitations, and data collection issues have made quality of care comparisons between rural and urban centers difficult at best.
9
There is ample evidence, however, that rural communities grapple with system-level barriers such as high rates of poverty; limited access to insurance, specialty medical care, and emergency services; and minimal exposure to diabetes education, all of which exacerbate the associated complications of detecting and managing diabetes.
10 For example, it is not uncommon for rural diabetes patients to have difficulty affording glucose meter strips for routine glucose self-monitoring 11, 12 or to have foregone screenings, such as eye examinations, that are crucial to the detection of diabetesassociated comorbidities. 8 These system-level barriers may exert a more profound effect on rural racial and ethnic minorities, whose household incomes are 40-50% less than that of rural white households and 50-60% less than suburban white households 13 , and thereby contribute further to existing racial and ethnic disparities in diabetes prevalence and mortality.
The burden of diabetes in rural communities is further compounded by high rates of obesity and sedentary lifestyles.
4 Jackson et al. 14 found that the prevalence of obesity was 23% for rural adults compared to 20.5% for their urban counterparts, with African Americans living in rural counties adjacent to urban counties having rates as high as 31.4%. Within rural areas, access to walking tracks, safe sidewalks, exercise facilities, and grocery stores with affordable produce is sparse, thus complicating the potential for prevention and successful selfmanagement. Given that the number of people diagnosed and living with diabetes is expected to double in the next 20-40 years, 2,8 there is a real need for tailored, sustainable, and
replicable interventions that could be implemented within rural areas.
Strategies to Improve Diabetes Care in Rural Areas
During the past few decades, several health promotion/disease management strategies have emerged as candidates for improving diabetes management in rural areas, including telemedicine programs, Web-based efforts, telephone help lines, and support delivered via community health workers. Despite promising findings and established resources, several barriers hinder effective implementation and usage of telemedicine. These include privacy and security concerns, reimbursement issues, a lack of reciprocity in state medical licensing, unfamiliarity with the technological medium, and the lack of resources for the poor (thus increasing the "digital divide").
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Additionally, there are limitations to the conditions that can be accurately diagnosed via telemedicine; some conditions require touch or physical proximity for diagnosis.
Web-based interventions Web-based efforts, sometimes included as a component of telemedicine, represent a similar but distinct avenue for promotion of improved diabetes management. Meigs et al. 25 conducted a controlled trial testing the effectiveness of a Web-based diabetes disease management application developed to improve evidence-based management of type 2 diabetes. There was a significant reduction in A1C and LDL cholesterol levels in the intervention group. Based on their findings, the investigators concluded that Web-based interventions have potential and should be implemented as part of diabetes self-management programs.
In a separate, RWJF-funded initiative, Project HealthDesign,
19
researchers at the University of Washington are testing a program that connects patients with type 2 diabetes to their health care providers via cell phones and laptop computers. The system allows wireless transmission and analysis of health records and provides advice about nutrition, daily physical activity, blood glucose, and emotional state. Users can conduct "what if" analyses to learn the health consequences of choices they are considering. Testing of system prototypes is underway in patients' homes.
Although Web-based programs appear promising for rural areas, the digital divide can be wide in many rural communities, compromising the applicability of the Internet for diabetes care. Numerous studies have documented a digital divide for obtaining electronic health information via the Internet, with some studies suggesting it may be wider among nonwhite people.
14,26
McKeehan et al.
26 described a community in rural South Carolina with a high African-American population (71%) and a moderate Hispanic population (1.6%) to assess their needs, preferences, and barriers for securing adequate health care information. More than 40% of the respondents reported rarely using the Internet at home or in a public place for a source of health information. Barriers reported for no or minimal use of the Internet were lack of technological skills and limited access to high-speed Internet. Similarly, Jackson et al.
14 found that, among minorities > 60 years of age, manual dexterity was a major barrier to use of the Internet, even when computer training was provided. In addition to previously mentioned barriers, there are likely literacy, health literacy, and infrastructure issues that should also be addressed before acceptance of the Internet as a primary approach for transmission of diabetes information.
Telephone help lines
Because there is often a dearth of diabetes educators and educational programs in rural areas, telephone help lines offer the potential for providing education and guidance regarding diabetes self-management in a low-cost and efficient manner. In fact, two notable studies demonstrate this realized potential. Using a telephone help line, Barnett et al. 27 observed lower A1C levels and fewer "work-in" primary care visits in their 2-year follow-up study of veterans living with diabetes. In a separate study using a multi-pronged approach that included toll-free help lines for patient questions and glucose reporting with telephone follow-up and intervention, Malone et al.
28 reported significant improvements in A1C level, diabetes-related knowledge, and satisfaction among the intervention group. Funding represented the biggest challenge with regard to the project's implementation and sustainability. Also, although some studies are available regarding diabetes help lines, very few data exist regarding help-line use specifically among rural populations, despite the significant access problems indigenous to rural communities.
Community health advisors
One increasingly popular approach to addressing diabetes care in remote or underserved communities is to involve trained lay individuals who
understand their communities and who themselves have diabetes or are intimately familiar with its day-today management. 29,30 Community Health Advisors (CHAs), "natural helpers" from the community who are trained to deliver health information and facilitate health care access, are increasingly involved in health-promotion strategies to reach underserved communities.
19,31-33
Systematic review of existing literature examining the use of CHA models for diabetes management have documented the potential benefits of such interventions, particularly in the areas of patient knowledge and behaviors.
34,35
However, after comprehensive review of the literature, Norris et al. 35 concluded that "much additional research is needed to understand the incremental benefit of CHAs in multi-component interventions and to identify appropriate settings and optimal roles for CHAs in the care of individuals with diabetes."
To date, very few studies have examined implementation of the CHA model for improving diabetes care in rural areas. One study that did attempt to assess such a program among rural adult women (n = 132) reported a high level of patient satisfaction as well as a positive change in physical activity and dietary behavior but did not see a significant change in glycemic control or body mass index.
36 It is possible that the study was underpowered to detect a significant difference in glycemic control. However, it may also be that the contribution of CHAs to the care of patients with diabetes is not captured by glycemic control alone but actually relates more to increased connectedness to services, provision of social support, improvements in community capacity, and higher level of diabetes awareness. Although the CHA model appears to be well suited for use among rural communities, more information is needed regarding the specific aspects of the model that will promote effective diabetes care in rural contexts.
Although research efforts aimed at understanding the effectiveness of the CHA model within diabetes management are ongoing, practical implementation is forging ahead. A recent diabetes initiative funded by the RWJF identified CHA interventions as a successful component of many current diabetes programs. 18 In fact, CHA interventions are increasingly being promoted by federal and private organizations, including the Centers for Disease Control and Prevention, the American Association of Diabetes Educators, and the American Public Health Association.
However, a more comprehensive understanding of the challenges these programs face in their efforts is only now emerging.
37 One important barrier is a perceived lack of a support system, leading to feelings of social isolation and anxiety.
38 This lack of support for lay individuals who are providing guidance to patients with diabetes also has the potential to culminate in serious medical consequences. Other barriers to the use of this model include problems with intervention fidelity 
and high rates of CHA burnout and turnover. These excessive rates are the result, in part, of limited access to care and education, reflected in poor patient/physician ratios (10,554:1), a dearth of endocrinologists, and only one certified diabetes educator within a six-county region.
1,40
The number of households without a vehicle is another telling indicator. In Alabama's Black Belt region, a predominantly rural portion of Alabama where diabetes is disproportionately prevalent (Table 2 and Figure 1 ), nearly 15% of households have no vehicle, compared to about 8% of Alabama households statewide. Neal et al. 41 reported that living in a poverty area with lack of access to transportation and telephone is strongly associated with missed appointments, which is crucial for those with diabetes. Although disparities are evident in rural versus urban areas, the difference is more pronounced for African Americans.
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Given the aforementioned heavy diabetes burden and lack of resources, we are developing an intervention to train community health workers to address diabetes prevention and self-management in a region densely populated by African Americans. During the past 12 years, researchers at the University of Alabama at Birmingham (UAB) have partnered with community coalitions in the Deep South Network and the REACH 2010 projects resulting, in part, in a network of > 1,000 trained CHAs. In the past, their goals have centered on the elimination of cancer health disparities through community-based participatory education, training, and research. However, recent community needs assessment results identified diabetes as a topic of great concern, making the current project a natural next step.
In an effort to address barriers to implementation of the CHA model discussed above, particularly those related to perceived lack of professional support and high burnout, we are developing a toll-free diabetes help line within the UAB Diabetes Research and Training Center for the purpose of providing expertise to CHAs who provide self-management support for patients with diabetes. We hypothesize that this help line will assist in retaining community health workers, thereby sustaining positive behavioral changes and outcomes among those with diabetes. To develop the help line, we have enlisted the help of a network of existing CHAs who will help ensure 
cultural acceptability, increase buyin, and enhance sustainability.
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Conclusion
Significant strides have been made toward addressing the diabetes epidemic in rural areas. However, there remains much work to be done to optimize self-management and improve outcomes for those living with diabetes in rural communities. Several strategies have been identified, including telemedicine, telephone help lines, Web-based interventions, and CHAs, each with its own set of strengths and limitations. Future research is needed to delineate which strategy or combination of strategies will be best suited for broad-based implementation. In the meantime, some resources are available for clinicians immersed in efforts to help patients manage diabetes in rural settings. A partial list is provided in Table 3 . In the current funding climate, competition has greatly increased. This competitive funding climate highlights the need for cost-effective interventions. However, few data are available depicting the relative cost versus benefit of telemedicine, Webbased interventions, help lines, or CHAs. Future studies should assess the cost-effectiveness of various strategies and address barriers to implementation and sustainability of effective interventions. Additionally, there must be from the outset mechanisms established by which to evaluate the process, impact, and outcomes of diabetes self-management projects in rural areas.
Rural communities provide extremely challenging arenas for the translation of research into practice. Modalities such as telemedicine, Web-based interventions, help lines, and CHAs are promising. We must renew our efforts and continue to investigate the feasibility, applicability, and impact of each strategy and perhaps combinations of strategies in efforts to create synergy, overcome weaknesses, and enhance diabetes self-management in rural areas.
